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?/A rtml-air ratio %/i^.
t Equivalent w€l^.ht in pounds appXlefl to
dyziamometer torque arm.
X Eaulne stroke, Inolies.
t Brolte loacl torque arm length, inehes.
mmp Uean effective preseure, pal,
Imep Xn<Slcate^ mean effect ly« pressure, pel.
Imep Brake mean effeotlTe pressure, pel.
Ua^ Air oonumtptlon, Ib/stin*
llc>.c Corrected air ooneuaption, Ib/min.
M^ Fuel consuxaption, lb/rain,
M devolutions p&r minute.
P^ AMbient air pressure, in. hg or lasi. lig.
P, Orifice inlet air preeeure, in. hg.
/\P, Orifice inlet air pressure difference,
?, - P, , in. hg.
-4?^ Orifice pressure drop. In. water.
?3 Inlet ismnifold pressure, in. hg.
P^^ Corrected Inlet mimifold pre^ssure, in. b«,
^ P, Inlet BAnifold preceure manometer differ-
•ASS, P3 - P^ , la. ti«.
P4 Inlet oil pressure, pel.
/^P^ Exhaust pressure m^finoiutter difference,
P^ - F^ , in. h«,
















8^ Kotqmetftr readlnif ©f fuel flow ret«, units,
S3 Braks loa<^ «iiaoM&t4»r reading^ in. hg.
S^ Bttgine revolution* per adnute.
S^ Sp^irk advance, Segreee.
T^ AaMent air toi&peratttre, ^ F.
T, Orifice inlet temperature,^ H,
?^ J'aeket cooling water temperature, ° F.
T^ Fuel-air Uiixturc inlet temperature, F.
T^ Oil inlet teapemture, " F.
T5. Fuel inlcsi; temperature, F.
Vg Jtoeine dlsplaceiiient, ou« in.
X HeaTy spring, 200 lb/in".
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In thift Investigation, the deton«itioa eharaoteristics
of four fuels were determined in terms of curves of iso-det
linefi of in<iioeteA mean effective preesure egeinst oompree*
•ion ratio and inlet nanifold pressure againeit ooapression
ratio to fihow the effect of the detonation ohar«ioteri sties
of %h^ fuels on engine performance. 1%e four fuels selected,
iso<-oottine, di->isobatylene^ triptane, and ethyl ben^^eue,
were ohoeen to best cover the present reference fuels and
possible future fuels to be used in high performance aircraft.
It was necessary to lii^it the scope of the investigation
by keeping the following engine operating variables constant:
engine HBI, fuel-elr ratio, inlet fuel-air mixture temperature.
Jacket oooling water teaperature, and exhaust back pressure.
The fuel-&ir ratio seleotad for each fuel was at the best
power of that fuel. It should be noted that varying the above
constants will have a marked effect on the detonation char-
acteristics of the fuels.
The results of this investigation indicated the following
conclusions:
!• All four fuels tend to detonate more as: (•) th*
inlet nenifoia pressure is increased; (b) the in-
dicated Mean effeetive pressure is inore«^:&ed; and
(c) the wmiyrmBmion ratio is increased.
1. iJ. •.' J,Ki-J ii V
&« «Ji.«U"X .:••':; «i*ii Ji:.i?r .'Vt?;? ^i v^ia c?'i»^t
2« leo-octan* is the isost 8«i2altlv« to chaBi^es in
inlet sanlfoXd pr«icsure, infii edited mean effec-
tive pressure and ooEpreBsion ratio.
3. Triptane, «U-isol>utyl©nej and etiiyl benzene have
approxiswitely the aame sensitivity to changes in
inlet jwanifold pressure, indicated mean effective
pressure, and compreHsion ratio.
4* TrlptRB*? is superior to the other three fuels in
auti-detonation ch&racteristlos.
5. Triptane, di-isobutylene, and ethyl bensene show
a marked fax^iiiy similarity in th»ir detonation
character! stio».
This investigation was perfariaed at the Sloan Auto-
active Laboratory, Kassachusetts Institute of Technology,
during the aontbs of March, i^pril, and May 1946, by lieut-
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91i« fa«t tJHat 4«toB«tloa, f»r Imocklsg, of v^irloag fu*lft
la ft g«LS9Xla« viigias is a funetioa or morm tltaa a ^son
•p«f«tiag Tftrlttbloa h&n eanead frreat ^IfflcuXtlMi la datoaaa^^
tloa r«&«aroli In tlie laok of aa a^«oXttt* basis of oo&parlMMi
of data olytalaod la ti^a naasr aatliOia asaA la tattliiii ajki
vatlAg of faala nnH aa^laaa. Bajoqr lavastli^atlMui of tlio
AotaoatlMi akaraatarlatlos of rarlous fttala hava l^oa ttaia
la tiM ptutt with tka lataatloa of Bhominta tko affaota of aona
partlaular varlabXa or v&rlablaa. HowaTor, « oaa lavaatlca*
tloa alHMWi a aoaipraiiaaalva plei^uxa of 4atoaatloa aaaimetojr**
latlaa of tlift faals ooTorai V this raport In tarns of tha
OTorall aoflaa varlalslaa aatf parfox»aaaa» ladlaatad aaaa
affaatlva praasara, lalat naalfoXfi ipr^Btmr^, aaA aoApraasloa
ratio. CoaaiearabXa aifflaaltlas ara aaaovataraa la aajr at«-
tai^t to aorraXata tba Oata of paat laTastl«atloas« 4«a %m
tte aaaafftiia varlabXaa^ to obtala aaali a platora* It Is tlia
yturpoaa of thla lavaatlgatloa to aatabXlah tha datonatloa
aliaraatarlatlaa of fo«r fuaXa la tanui of lso-»dat Xlaaa of
laAlcataA niaaa affaatli^ praaaura agalaat ooApraaaioa nitlo^
aad laXat taaalfaXA praaaora an^lasi; aoBprasaloa ratio la ordar
to 9kmf aaalXr tha a^aat mt tha datoaatloa aluiraatanstlaa of
tha four fiiaXa taatatf oa wmzimm Mtlno parforaaaaa.
ftl«fft n






,»iaaa aujtevv'sipicw j^juj«^ ex&s&SKti 9^jLSmt'i'tm BMim Jin^^st^liHii
^•»«« Hi. ;
. ii«il«ft«^«NH t^simnM w%s»fHiiR bl^^tstsMi tsiari imm
7h9 «el«etloxi of the fcmr fttel* wna «d4« to b«st ooT^r
tli« prttCMint r«f eircnoe fa»l« maA the po««ltoX« Attarn fu^ls to
hm ii0»d i& high perfora&noe aircraft • ^e s«l««tieft ««•
lialt«4 in tlia auRlMr of suoh fuels iivalX«bIft. X8o--0€taii*,
«a iso-par&rfia aad th« pr«fl«ttt basio statidartS r#f«r«fiia«
fu«l, ims ftal«et«d to ftimlsli a baalft for aoKpariaoii of tlio
resaXta. Tlia otliar fuaXs seXaotad vara aa foXXowa: di*lao
tetyXeaa to show tha e!iaraetari3tioa of a Xowar erada oXafia;
tripta&a to repratant tfaa eh&rzictarlatloo of « ^Xgiiar §TtA9
paraffin; and aihyX bansaaa to rapra^ent tkia oliaraetarlatXaa
of a proepaatlra aaw f^aX of the aroaatle sariei*
It nas oaoaBsary to XlJilt tha aeopa of tlia Inreatltatioa
tfy kaaping tha foXXowiaig aogiaa oparatlim vaTlabXaa oonataiit:
M^^ina li.P.M.y fQ«X-»air ratio » inlat fuaX«"air nixtara taatpara*
t«ra, Jaakat aooXing watar taRparatara» e&d axbauat baok praa«*
aara. Tlio fuaX^&lr ratio salactad for aaeh fuaX was tha baat
p««f»r ratio. It ahoaXd Ihi netad tJ&at Taryias i^f of tlio aliora
oonataata wiXl faara a narlcad affaot on tha datosatios eiiaraotar*
latlcs of th9 fuaXa. AXthou^ik in this iBTOf^ti^ntion no attampt
ifaa aada to alum tha affact of tha variabXev leapt aoaataat,
tlM raaitXta to ba obtaisad wmj inSioata what tha futtira anfina
4aai|;iiar aaa axpaat in aaeina parfomanaa by ehaiMSiim aithar
tha aoftpraaaioft ratio, tha fuaX, or both.
Tha aaastaiit aoaditiona wara aatabXiahad tagr aoftaldaration








imtiAg tvffts. It Is lAt«ii4#d %h»tt %hm ]^7oe*dup« floethoda «ad
Afpftrntus aa«d 1a Ui« laYeBtie^^tlon b« rtadiljr adtt^tmbl* to
fs^B^&t aTiftil&ble laborato27 ^^^Ipi^iit and to rut«ir« i&Toatl-^
4at$on« of other potentially aaaful faala with tha possibility
•f olbewliic a alApIa aetliod of Improving tha pirooaat alromft
aogl&a parfoxnaaaa.
thm iQiraatlgfttlon waa parforma^ at th« .'^:lOftn Aiitoii#ttt«
Labortitoryy Slaaaaaliuaatta lastltuta of TaaJUioXeity^ fiurlztg tha
no&tlia of ^aroh, April, and 13fay» 1946, by Lt. Comdr. Hall S»
Harklarofid, J*^% an<l Lt. Coaidr. Paul ^. aill, urJK. Aokaowlaflu-
Mixit la naAa to Profaaaor C. ?• taylor an^ Profaaaor t* A*
Laary for tlialr haXp a&4 gulciajaea In tJia latrastlgatloA.
fmf^':n7rxrm or
A ganaral ovarall doaoriptloa of tha »atup and apparatus
Is sbown la Fii^s* 1 aad 2,
%la loToatlgatloii was conducted iflt>: tfc« followla^ fuaXs:
lso-s>otaaa, dl-lsobutylana, trlptana, aa^S atliyl banzane. Tkm
lao-oetaaa waa a staadard Hafarenea Fual F, bato)i Ilo. 6» H
spaolfloatloa with oetan« No. 99 •B; and It was obtalaad from
aiiall Oil Owiyaay. Tha 61«>laobatylaaa was obtalaad ttmk BUau»
TMstrlbtttors, Inc., uadar daslgaatlon of '*R«feraaaa Inlaid SR-lO.**
ladax rafraatloa tasta ladlaatad that this flul4 aaaslstad of
r.






2*4'*4 trlHWitfejrl p«at«jitt «l cn^ :20 p9r««ot 2*4«4
tri-ttitigrl 9«iit«]i« •2. The trlpt«ii», 2«>2*3 tri-^ttvtlijrJl b«ta&«,
wft0 Obtained throneii tiie oourti»sf of the Oenerel Hotox^ IaM-
retory. 51ie et^I H^HHcene we* obtelBe^ fvtitt t&e T«« CJi««lo&I
Coapasy.
The eaclne wm» a C*F«R., bl^Oi epae^, elagXe oyXintfer,
imter oooled, Yet*lttble«>eoaipressloa sn&tlo ea^dae of 3*2$ inali
bore sad 4,5 laefe strike • %e sB5*!ft# -wee equipped wltb am
6lumiaan> £- jto& and aodltut eoola^t exoaaat iralire* To ^FOTaat
variatioa la apirk edT«uaiee, a i^olal breaker iieoJiaiii«i was
directly coupled to eraidt atuift. '!1ila meebaaiaA la deaorlbo4
la Ref. X. Th« ^par^c plu^a uaed were B.a. 157 aa4 Aato-Uta
B-3.
Tbe niel syeteTi is ahomt is a aelieMatle ^lagnm, Fie* 3*
Hio faol «aa taJcea froA the fuel taak, throaisli a anall elee«
trloally ^.riren pimp to a bubble eeparator aa^ ettnge taak, aai
froA anrge taak throosb rotaatetar aAd Uiea throasti two Maaaally
•oatrollei neoile Yalirea to the vapoxlsatloa taak« Tlia fuel
flov naa maaaai^ by a flaher aai Porter rotaaeter wliloh ba4
booft yrorloaaly ealibratea bgr JProfeaaor »• a. Loaxy. The eall*
bratloa akarte wer« sheeked before the reus vera Htarted*
SUr ;„
i'.-r ^
• ^. * J"-^
••tm
fh% tu*X sjrst^ii B^x%m taiOc was towoA n^i^mBBt^ry wlu« o^«r*-
fttlae tli« •aeiii« ia or<er to aalntftlA m unifora tuaid •ontrolliibit
flow rat«»aa4 to 8»|»iiFmto aay bul^bXes in tlk« fuel* fhm tirut
Murs* ^«ak of loolte iws att&«le«i ligr •tlqrl b«iUM»io tmA had t«
b* ropl«o«i Dgr « br«a« taAk wltk boilor trp« sleiit §«£«• T^*
Mt)i« t«iili 9]r«s«ttr« ims AalatAlnod at ttlMut 90 lAohfts of mmrv^rfm
?lio air qrctoK with ^ac«8 and t^oMMMiotors Is okova in o
oolMNOfttio dioe'*^ ^S« 3. tlto eir oouXd bo takmi in t^ronfk
Oft otnoopiMrlo 6ttct or tiuroogh a Xaborotorr MiporolioTfor llao
wltli ttio otwoopborle valTo bolac oood ao a bloo4l ToXiro* Tlio
siipoj^liori^ olr woo im^lioi Iqr o Xosti bXowor glvlAt ootovotoA
air ot 6$ docroofl Folirooliolt, Tlio air was ootoaroA tlUP0«4|li o
flat plato orlfleo with a floftfto top aad o ,515 ittoh orlfloo
eoustruotod ooooraiiai^ to AflMt oipooifia&timko. 1!lio air paoeod
tvom tho orlfloo throoeh o oa>s« toftk, through o throttlo valvo,
to tho ToporlEatloa tank*
tlko vaporise tloa took osA oooaootlono la ohowo la o
•ohaKtttie 41osroa, Tlfo* 1 oaO 3. Tbo fool oaA olr woro m1xo4
oft4 Alxtoro Toporlsii in tho took. Tho toaaporotoro of tho
fuol^air Klxtaro, oiloh woo hol4 ooaotoat ot X75 ^oerooo rohroa*
holt, woo ooatrelXo4 bgr tho olrooX&tloa of othyl gXyooX through
hooting oolX8« Tho toayorotaro of tho othyX gXyooX woo rogiiXato^
^''-' t \
*«^ $














0f tttliarl gXyeoi w«« obtaiflM^i lar »•«&• of « mtmll e«ai&ririisitX
v«lT« 0MiUiiag4 a T «eiui4Mtloa wltU •emuietiiig Xiaa* to e^aa
—iwwmtayfe for ttoia ttaavuraMHit o^ tka lataiia iiaalf^l^ ^r^wmmw
to tlL« «ai^a# karaaftar oalli^ {¥^1 aa4 ii^«iai aorraatad far iaaic-
aga arw>j»,
^^3a^' <^** AP^WDiix *C*)
Oil. sT:^':iai jjm lACiOf hatjr sT'^rTiii
9)mi all tystaA an^ jaakat alraalatiac natar ajratan ara
ahawB la • aalia«Btlo Aim^rekm, Fig* A* %ha Jaairat imtar tan-
para tajra was jiald aaaataiit at 206 tmarm^a raluraalialt* T)m
%aa|Mra^f« waa aoatrollad ^ tha eiroalatloa of tratar tlixmifk
a aaelar )Mitwaaa thm eavidafiaar ant tiia Jetekat. fh% oil tan*
paxvtara wat bml€ i^twawd 125 t^A 130 Aagraaa Faluraakait tif
fta«a« or olrouXatiag ataaa or eooXlag imtar tluraufii tiM tue
liaat aicoiuu^E«i^9*
flia a^i»a yowar ott^ut aaa atMM^bad Iqr a atar alaatria
oradla d|rBa»a>iatair. Tha braita torqaa vac balfltaaa^ Iqr a l^«»
drauXio piatOA tiuraa^ a lavar ar«« Tlia oil pe^nn^Lrm ob tlio
plttoA aaa attaaa^ad la laahaa of jMjraary on a aaaoaatajr. tilla
ii^4rattllo a/ata« was so daal«iia4l tlunt wik^ Inah of t&»r0Virf
aqualaA ana pooJiA foraa &ci,^o;s oa k/djraiilla jplatoa. To axtaai
t^'i^'^U ft±












tlui mmnommtmr ao&la for higli power, a oounterweight was asvd
to roduoe the brake torque at the hydraulic cylinder, "jhirj
aaaooteter reading was then conTerted to pounds per square inch,
brake mean effective presdure.
The dyiiaaKMaeter had a standard tachoaeter attucaea for
rough determination of H.P.M. For fine indication of speed
a etrobotao ^vas uaed to deteralhe K.P.M, This consisted of
a 8trobotac«lanp which illuminated 36 stripes painted on the
eiBgine fl^rvcheel*
The detonation plelcup unit was a Draper flat diaphraga
type haTinK a natural frequency of about 95»000 cyoiea, de-
scribed in Ref. 2, The output from this pickup was analyzed
and projected on the screen of a cathode ray oscillosoope as
a curve of relative rate of change of cylinder pressures
against tiae. The oscilloscope was made by Allen B. DuMond
Laboratories, Inc., model 208. When the condition of incipient
detonation was reached this pressure curve shewed a '*pip'* of
high rate of ohenfe of pressure and high frequency about one
third of the distance down the hump of the curve. Increase in
intensity of detonation increased the height and width of this
"pip", "his indicRtlon nroved necurate and ^tasy to duplicate.
The method is described in detail in Hef . 3.
1%e eomipression ratio was varied in the usual C.F.R. en-
gine manner by raislnfr or lowering the cylinder. The relative
heights of the cylinder were measured by a mlerometer built
into the engine. A previous work had call brated this miemmeter
against compression ratio by actually measuring the clearance
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Aa II.I.7* lMil«n4^«d pr—tmr9 iadloator, d«»«rlb«4 la
Rttf. 4 dad 5» was aaad for obtaiaiag luaav^r aprlair i^raaaara*
anuUc aagla diagrama la aaaiuaatlaa vlUi M.I.f • diapHraim
praaaara unit. A thla dlap&racm, .0015 laai^aat ifaa aaad la
tka Alapiira«» pioknip* Tlia haavy apriag, 200 poaada par
aqioara laah, praaaura-^oraaic aagXa diagraaa vara eoaTartaft
lata praasare volaaa Indlaator ilaarajaa.
THa dataraiaatlaa of aa iacM-dat Xiaa of iaalplaat da-
taaatioa for a faal ima aaAa ligr aalag tiia aaaifold praamra
aa tba dapandaat YarlaULa and varyiag tha a<i^^raa tiloa ratio
aatll laolplaat datoaatlaa ooaurrad. At tkut aoaaitioa, tlia
ladloatad aaaa affaativa praaaara aoald ba aaXaalatad aad
tha lao-dat polat aatabXlaliad. to allmlaata tka affaat of
tba otbar oparatlat aoadltleaa, all tUa taata wara aada wltlL
tlia follaarlaft <}«aatltlaa aoaataat wltaia tka tolaraaaaa alioaa:
X. EoToltttloaa par alaata 1200 8«P«ii*
2* Platon Bpaad #00 ft./aia.
3. Hlxtara tanparatara 175 <- 1* F.
4* JaaJJEOt ooollag watar taaparatura 206 - 1® f •
5« Spark advaaaa 30 d<
6. InXat oil taaparatura 12?*^ 1 6® F.
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99. fumX air mtlo at b»»t powmr
ni«l fuml Air Rati* € ChMiiciallr Corr««t
X«o-o«Ua« .07S5 t .0003 US
tplptaa* .0779 i .0002 lit
t)i-l«Otetyltta« .0015 i .0002 120
Xtbarl bauvna •Oft«3 t .0002 120
Di« «iM(1a« •3cluitt«t was di&o^ajrgad to tlia atnoftphar* tturonck
an aziiattat »ii2ib« taalr. Tlia •uparolxazigar air kiiaidity «ft« Mitur*-
at«d at 65^ '.
TIm aliolea of tlta at^ova listad ooaatants waa na4a aftar
tflaamaslejui »lUi Profaaaor C. F. TaxXar and Profaaaor vr. ii.
Laarx, baaatf an previona axpariaaatal worlr with th» f^sala msad
la tMa InYaetl^ ^ l::r tk' oq tlia aoBditlo&e fonmA darlait tha
faailiarizatioB nma.
FaBiliarlsatlmi nuia mmrn aondaata^l to ahaat tlia oafia*,
aaaaaaorlaa, aaa aali^ration ourraa, to ^atai^itlma tha optlMm
oparating aonditiona for tlia a bora liata<! oonataata, ai^ aa a
ganaral e^aelr on oparatln^ proaaaura ana taali&iqna.
Tka px«aaAiira and ^naatitiaa Iial4 aonstamt, axaapt fair
TarlatiOB in tlia fnal air ratiaa to obtain baat powar for aaaii
fnal, wora tha aaaa for thm fo«r foal a taatad, Tlia iniat mui1«
felA praaanra in iaabaa of narauir waa Tarlad fram approxi'-
ataljr 20 to 70 laalMia^ with fiva pointa of inaipiant Catenation



















After tlid engine wee started each day and before recorded
rune were aade, the engine was waxwed up for one kour to stabl*
lixe all operatise quantities and to allow tlie eaelae to reaeii
thftrmal ecullibrlus. When a new reeorded run of different
Manifold j^esstire was aade, a period of one half an bour was
allovred for all operating qaantltles to reaeh a steady state.
The general procedure used for eaob recorded ran was to
first fiake an approximation of the rate of fuel flow and rota-
aeter setting oaloulated fron the expeeted air oonsafliption at
the inlet manifold pressure to be tested » and from the fuel-
air ratio of the fuel being tested. The inlet aanlfold and
•pproxlaate rotaiaeter setting were set to the desired ouantitsr.
The ooiq^resslon ratio was varied to give as near as possible
incipient deton«ition; and a steady state established for all
operating quantities. The air oonanvption. Ma, was then efsa-
pQted froft the orifice measuresients and any refinejient necessary
aade in the rotameter setting. The oompressl<m ratio was varied
through a very saall range to obtain the iiost aocnrate point of
Incipient detonation. Readings were aade on all Beasnring in-
strittents periodically and all operating quantities were kept
stabilized. After a period of steady state operation at the
desired fuel air ratio and with the engine in theraal eoullibrluA,
the point of Incipient detonation was found i(nd all Measuring
instruBonts were read and recorded.
fressure-cranh angle diagrajss, shown in Fifs. 5 and 6, were
aade over the range of brake loads obtained in the test runs
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a li«aT7 aprlz^ of 200 pouaSa par square inoh par inoli and a
dlaplirafs tjrpa piekup* All operating varlabXaa ware kald
eoaatant OTar a parlod of one-half hour before aad darlag
the naklng of the Indioator oarda*
Frott the praaaura-crafUc angle diagrams, hmtry spring in*
diaator diagrajRS of preaaura volume were drawn and Indioatad
nean affeotlTe presaurfi calculated. A carre was drsiira of
braiea mean affeatlve preasure Yerans Indicated mean effactire
pr^msv^r^ as obtained from the indicator cards and the brake
leads. From the curve, the indicated mean affectlTe preasure
of all the teat runs was obtained by entering the curre with
the brake maan effective pressure calculated for the run aad
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A 0o&po9lt6 record of th9 data alieeta of tiie laboratory
taat runs 1 to 28 of the four fuels is slioim in Table I. The
Table oontaine the data trtm readlaga of tbe BHiaaurlng is->
struaeiita, shoim in Fi^* 2, the result s oosiputed froa the re*
corded data, and the oorrooted results. The oo^puted results
include the following: air consuaptlon, Ma; fuel-air ratio,
F/A; brake mean effective pressure, bnep; and indicated mean
effective pressure, inep* The aethods used in colculatini; the
air oonsusipticn, basep, and laep, are shovm in Ap]>endiz ^B**.
file reasons for and Aethod of oaloulatlnj^ the corrected results,
inlet aanifold pressure, P^^, and mass rate of flow of fuel-
air Rixture is shown in Appendix "C**.
The recorded and oosiputed data obtained froA the heavy
spring indicator diagraa runs, modified form of runs 24 to 28,
are shown in Table II. The nodifioation to runs 24 to 28, for
indicator data, consisted of the lowering of the compression
ratio in order to operate the engine out of the incipient deton-
ation region while the pressure-crank an^^le diagraaa were being
MUle* This ohaaced the ooMpression ratio, bauip, and imep. All
other operating quantities were held the satte as tabulated in
Table I for runs 24 to 28* The heavy spring pressure crank angle
diagrans, as recorded by the U.I.T. Indleator, and resulting pres-
mre voluae diagraas, are ah^nm in Figs* 5 aad 6. Froa the re-
salts calculated fro^i the diagraas and reoorded data and tabulated
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Slnee the ep«od end engine operatiag qaantities «rcre held
•onstant for all th« rmi^ at th« naiie IxiXet jaumifolf! prsBffure,
the friction Eiean effective pressure should be the «€iae for all
four fuels. Therefore » the Imep, as tabulated in ooluran 21.
Table I, for all the test runs was talcen froa Fig. 7, by eater-
lae the eurre with the bsep of the test run» coIobeq 20, Table I,
and reading the correspondlag laep*
TtL9 ecM^mted and oorroeted results {r^f^r to Appe&dli: **6*')
of the test runs, 1 to 7B, for all four fuels, az^ tabulated la
Table III. fnm the results as given In Tabl« III, curves of
oompressloa ratio va Inlet aanlfold pressure (P^^ ) for the four
faels were plotted as »hoim In Fig. 8. Baoh fuel produced aa
lao-det line (incipient detonation), whloh Is the boundary
between the detonation and non-detonation regions for that fuel.
Aaj operatiae oondltion of the engine that falls above the Iso-
det line will toe In the region of detonation. The higher above
the iso-det line the opert&tin^ point lies, the greater will be
the detonation* Sinoe inlet nanifold preBsur^ is not a direct
Measure of the power avi^ilable to the cylinder, iso-det curves
for each fuel were plotted for indicated »ean effeetlve pTBBBsxrm
vs oospressioB ratio as showa in Fig* 9« ^R ia Fig. 8, aay
operating point above the Iso-det ourve of the fuel will be In
a region of detonation.
It is seen from Figs. 8 and 9 that there is a slight dif-
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of iMioh liio«>tf«t line to the others. The reanmiB for thn slif^ht
AlffersRcaa ere aa followis; on<», the relationship bstir««ii la-
1st aranifold preosurs (P^c ) ^^ 5m#p is not linear; mUl two,
ths ooiaprssaion ratios of ths fusls era not the Basre« With a
given relationship between inlet nanlfoie pressure t nfi air con-
•ttftption, this prodttoes variatloBs in the relationship of air
eoasiuption to indicated mean effeotlre pressure. Lb an exaaple
of the variation, a plot of air GOBett8iptlo& vs i»ep {I'&^TS IMS?)
has been isade in Fic". 10 for two fuels, dl-i80*butylen^ (SR-XO)
anC trlptene. For the same air oonsusaptlon the tests with trip-
tane were run at higher oompreselon ratios. This shows in Fig.
10, where for the ease air eonstx&ptlon, trlptaae has a higher
Isep than (Si-iso-hutylene.
Frott fijTS. 8 and 9, it is noted that with other cni^ine
o^ratias qaantlties hel<! eonatant, all four fuols tend to
detonate aore as the laep increases, as the inlet i&aaifold pres-
sure inersases, or «s the eompression ratio inoreases. tfeiis
follows prerlous <9iperi»«jntal work and theory.
Iso-oetane is the aost sensitive to change in inlet oanifold
preflsure. At very low Inlet manifold :5reB»ures, or isep, Iso-
ootane closely approaches the results obtained froa triptane.
As the laap is increased, iso-oetane becoaea poorer in anti-
detonation quitlity. The three othor fuels, triptane, di-lao-
butylene, and ethyl benaene, have approxlaately the saae slopes
in the curves, showing that all throe are about o<::ual in seasi-
tivity to changes in inlet manifold pressure and iaep.
vti 6»ilJ"
«.« » -*j^<!>r.<;* ,wr«
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Trlpten« appears to be the 8ap«rlor fuaX for anti-detona*
tlon qualities &n6 eh&ractcrifttlc£ ^IttilA U19 r&At« ot ialut
aacifol^ pressart hnA Indicata^ aa«a •ffeotiv* praftaure at tha
•paed of 1200 BBS, an inlet mixtura tacparatura of 175^7«* ^nd
at tha bast pewar fuel-air ratio u&eA in tl^iia lRvaatl|;ati«ii.
Itliyl banzaaa alosaly approaohos triptafia at hii^h »aA low ijaap,
as 6oea lso->ootana at low v&laes* Howev»r» In tJ^a r«iiifta of ook*
praaslou ratios usad ia prasant airoraft aoeiikaa cf about o.>,
and assoalfis tha datoi^tion dljarootorlstios of tha fuels ara
tbo aafiia ia a fall scale aircraft exigina, trlptfane;, «« compared
to l80«ootana, eau allow an inoreasa is ooaprassiOQ ratio at 7*5
in a futura angina at the s&ma iaap as iso-ootaaa without daton-
ation. Similarly, for a eonstaut oosiprasaion ratio of 0.5, a
ohftB^a of fuel fron l8o«>ootana to triptana Incraasea tha allow*
abla iso-dat imap froB 164 to 226 pal., an laoraaaa of 37.4 poiP-
ooQt. Tlia four fuolc hava iadiaatad powers (Imap) at tha 9em^
prasslon ratio of 6*^ &e follows:
Fuel iiiap ^aroant
a. ?riptana 226 37.4
b. Tthfl baneana 204 24*0
e. X30*ootaaa I64
d. t?l-i80-but3rlaaa I30 -20,5
This order of iiqpertaaaa hoias for ooaprassion ratios up to
•bMt 8.8.
\j
uThes^e r«Ietloa(»Jiips of the four foels mrm %ftBCtirmly
altered ^ yarlatlon of the ea«rine operatln^g ooxidltloa» tliat
n^re held Qonetent 1a this lBveatig<&tion. Heferenee 8 ehowe
the effect of ohftiiifiies of ens^lne speed end lateke mixture tei&-
^rature, end the addition of tetra-ethyl lead to the fuel on
the detonatloQ eharaeterl sties of the four fuels used In this
investigation. Whereas the engine s|>eed was held eonstaat at
1200 RHu In this Investigation, 3ef. S shovs that Inereaslag
the engine speed Ineraases the erltiaal aom]>res8ion ratio of
Iso-ootane n^lle the three other fuels show a deoreaae In erlti-
aal oosspreselon ratio. This effeat would plaee lso*oetane In a
ore faiTorable position as aosiparad to the other fuels as the
aogl&e speed Is ine revised above 1200 HBI. ?rlptaae and dl«-lao*
butylene have about the same drop In critical ooMpreaslon ratio
while ethyl benzene han nbout twice the drop of the other two
for the sane Increase In enirlne speed.
The effect of increase In Inlet mixture temparatura was to
deereese the erltiaal oa«|ireselon ratio for all four fuels.
Rowever, Iso-octana was affected the least. Trlptane and 41-lao-
batylene showed a ttmv^ntm of about four times that of Iso-
octane » and ethyl bensene showad about five times the alalmBm
decrease. A^eln iso-oetane would improve relative to the other
three fuels with inereasa in inlet taisperature.
The addition of tetra-ethvl lead to these fuels had tha
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different degrees. Iso*ootane showed tfce greatest inoreaee in
orltioal oosipreeslon ratio n^ereaa the othor three fuels showed
a lescer Inorease. In %11 three caaee of ehan|-e of e&eine
op«j:%tiiig eonditiona, Iso-ootane showed either the f,reateat la-
proveawiBt or the least deterioration.
BoweTer, when an attempt is made to eonpare t4ie results
of Hef • S and of this InTestlgation, caution snxst be taken. Thm
variation of engine speed, inlet tenpereture, and addition of
tetra-ethyl lead are only saperflaial xaeasureflMuits of the situa-
tion. Thus, until the presaure-tsBperature-tlBe history of the
unbumed oharge is known for both sets of results and u8«d as a
basis of eoaparison, the only oonolusion to be made is that th*
three fuels, triptane, di-iso^-butylene, and ethyl bensene show
a aiarked family similarity both in the result a of this inTestiga-
tion !^nd those of T?ef . 8.
It was found in the investigation that ethyl benzene is
diffioalt and dangerous to handle and operate in the engine. In
addition, the ethyl benzene readily att?io*cs neoprene and luoite.




















Tk9 results of tikis lnT«&tigatloa give the folXoirliig eon-
olasions:
!• All four fuels tend to detonate store ssx
(a) The inlet sftiilfoXd pressure Is Increased.
(b) Tbe ioep is iiiereas«d.
(e) The oompression ratio is Inoreased.
2. Iso*>ootane is the oost sensitive to ohances in
inlet aanifoia pressure und l«ep.
3* Triptane, di-iso-butylene, end ethyl bensene
have approximately the same sensitivity to changes
in inlet oanifold pressure and istep.
4* Triptane is superior to the other fuels in anti-
detonation oharaoteristies.
5« Triptane, di-iso-butylene and ethyl benzene show
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A. Inlet manifold pressure, P^ , Inches of mercury
V - Po/25.4±AP Po mm. hg.
^ AP3 In. hg.
P3 In. hg.
P3^- P^ and curve of Fig. 12.
Columns (l) to (6)
Example , run 2
.
P3, - 30.0-737.6/25.4 -^ 20.2
P^ - f(50.0) - 52.0 In. hg.
B. Air consumption, M
iK = 1.095 /\p^rT.
'o.
p, 3 F0/25.A 1 av,
Columns @ to (ij
Example, run 2.





K^ - l-'^and curve of Fig. 12.
C. Fuel-air ratio F/A,





F/a - .0785 r .109/1.39

D. iL:ap
bmep — 4.25 f







f := 39.5; = 20 -f .7225x9.67 -h 12.4
bmep - 167.5 ^ 4.25x39.53 psi
Imep - 207 - ^(167.8) pal
Table n.
Computation of imep.
imep _ area of dlap;ram. eg. in. ••
len^rth of diagram, inches ^
imep rr area x 200/5 - 40 x area of diagram
Example, run 2u.




&J6TBiaa»4TI01il OF IHTAKE iLiHIFOJX PHSSSUKE
At th* eonelusion of th« dl-lso-butylene t«8t, run 18,
the period lo oheolc of ^lanomdtttr X«ads shoved a swill hole in
thm tubiag of the tiegetlTe pressure water nanoneter, oae of
the raporlzatlon tank enoosters on « coztuson l oorreotloa,
Fl|r. 3. This particular manometer was not used during the
tests; but such <& lea): would hleed off fuel-air sidxture aad
also produoe an error In the other manoneter that was on the
•wnoa^ oonneetion and measured A'P^ • Consequently, a plot
Of air oonsumption {U^) against imep was made for runs 15 to
18 In Fig. 10, This ourre indicated that the leak had been
present throuf:hout these runs. A series of cheek runs was
made, runs 20 to 23, with the same fuel but v^ithout the le«k.
The operating conditions were the same as in the first set of
runs, runs 15 to 18. The oorreotion of the leak ehanged the
air consumption, the inlet manifold pressure manometer read-
ing, M^jf sad the bmep as shown in Table X. This second set
of runs was plotted in Fig. 10, and produced the desired straight
line function between air consumption and imep that indicated a
correct measuremeat of engine intake conditions. In Fig. 10,
at constant imep, the difference betiueen the curve of the first
<
set of runs (Ma. vs IMK?) aad the curve of the second set of runs
{Ua.c > mSP) was the error in air consumption caused by the
leak.
mmt
•tf^ ^ &<»«fi $fm saw '?9#^Ni«8ji>i! 1 «C '^n
ait ^X •mm toI oI^km ft0w ^wcX tua^ UU) flol^c^ttHftAOo lie lo
ffti If ^J6»X «wl^ ^«<t^ kt: ©irsifo 9l r .01 ,s|l^ ml SI
.K««X »d.t 3 fiil,t ,ZSi oi QSi &am ,9l^Mi
tiJ,%ia-r?e 5«*ztR*& exit 5#o baa ,01 , •^i'^I aX &«4>4^o/«^ ««w sitin lo
i.^ i>i- i JAOJ ^^&i .. • -i.^ ; .C
,0X .«iio; '..Ti »ai:5Ui<» "to .^
.:]ia&X
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To determine tlie effect of the leak on inlet laanifold
pressure, P (P equals P plus 4P, ) the first set of runs
was plotted in Fig. 11 as inlet pressure against air ooasump-
tlon. This curTe was then corrected for the air oonsunption
error detexnined in ?ig, 10 to produce a new curve (P3 « J^l^)*
The second set of runs was also plotted in Fig, 11 (P^^ vs M^^^y
and is correct for both air consumption and inlet pressure* In
Fig. 11« at constant air oonsuKption, the difference between the
corrected curve of the first set of runs (Pj vs M^.^) and the
curve of the second set of runs i^^^^^ W^^.) is the error in in-
take aanifold pressure. These two errore determined In Figs*
10 end 11 were then used to plot the correction curves of Fig.
12, and the first set of runs 15 to 1$ were corrected with this
curve
•
The question of how many runs were affected by the leak was
answered by plotting runs 1 to 14 for air consuaption against
Imep. These runs showed a similar deviation froa the straight
line function, as was also shown by runs 15 to 18. Therefore,
the errors due to the leak were present in the data for runs 1
to 14* The oorrection eurves of Fig. 12 were considered applic-
able and were used to correct the data of runs 1 to 14*
These errors in air coi^suxption xor i-uas 1 to 18 indicatea
a possible corresponding error in fuel-air nlxture reeelved by
the engine. However, the location of the leak in the loaAometer
line leading from the Y connection was in such a position rela-
nRXctlfljasa Selai ac xs®! »ilt to ;
ai
A
w«*ii e ^eufco^^ o#
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tlTe to the •n^liio intake tliat at Taporizatlon tank prasauras
abOTo at»os|>h«ric, eoai|2lat«l]r mlxad fuaX ftud air wara bl«d
away from tha enfine intalct. Thlis saant thet nc terror in fual-
air ratio was produced by tha leek wh#n T waa greater tban
30 inciias of aarcury. Whan tha TapDrl?;tttlan tanir pracctire was
laa9 thaa atacsphftrio, tha le»k bla<! oatsid* air directly into
tha aaelne intaka» thareby dilutizig the fiiel-air a».ixture. thera-
fore, when ? waa lass than 30 inchaa of Aareary, tha fuel-air
ratio waa leas than tha deaired boat po«vo? ratio* The result
waa that tha ourrae of Figs. S aod 9 for inc-^otftn^, dl-iso-
butylane, and ethyl ba&xeae have a saall error in oarTatura at
the and where V ie lese then 30 inches of nareury.
An approxi&atioa of tha eorraet oarra for these three fuala
for beet po<ffer fual«air ratio was ftada by using the data point
froft run 19 » which 1» at best povier fual-air ratio, and eoatpar-
iBg tha change in the ourve from tha oorrespondin^ diluted fuel-
air ratio data point of ran 17 on Fig. 8. A similar oorreation
was approziraated for the ouryos of Iso-ootana and ethyl banzana
and is shown ia 7ig. 8 by a light curve for diluted fuel-air
ratio and a heaTy sttrre for bast power fual-air ratio for each
of the three fuels.
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Tai5LE r Data 3mEET of DeTONATIOM Cl-IABACTEBISTICt) OF TUELD
M.i.T. ABO arem laboratort
1 2 3 4 5 & T 3 O 10 II 12 15 \A 15 \<o IT IS 19 20 21 22 25 .24 25 2© 27 2B 29
FUEI- Po ft AP^ P, Re AR R APa T Ma 5. Av S, ^^f ^/a 5, W 5 bm9 Insp 5* 3. T, T. T, R. T, AP,
Ofns (Mm m-mfc INK) IM h% IM hf Im k9 IM hq lMk9 ImH^ •Rafc •^•^ IM. Mtrio UtXITS^MMlumo ImKq L»*. Las. p.ft-i- p»-i- RPM Oc*. •p •F •F p.»-l' •F i-Vl
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s V^^ >t 2 7sr.i 29.8 20.
^
50.0 5-2.0 22.6 jf2.4 I7.0 551 /.390 .474 5.i,Z. 17.5 .1090 .07d5 /2.4- 9.87 39.53 /678 207 /2'^o 3o (74 2o7 \Z(<, 49 S5 5
V^6 ** 3 lao-T 30.0 30.0 60.
c
62.4 3'.3 6f-3 CL\.5 54-9 1.7/8 .6/0 5. OS /9.8 ./340 .0782. I&.3 /2.56 4736 201 249.4 IZOC-, 5c i70 203 \ZS A-Z fto 6
1
o 3/z^ ^ 4 rsG-h 298 30.^ 60.0 62.4 33.2 63.0 2/4 551 l.ro.5 .6 55 4.90 /9.7 ./536 .0785 /8-.^ /2.56 47 36 ZC>\ 249.4 iZoa 3c> |74 206 (34 ^2 ,^;» fc.
t~i 3M ^ 5 75-6.S 29. & 20 2 50.0 5£.0 ZZ.7 51.
5
/6.7 5 SO /.380 .4-93 5.53 /7.5 .1080 0785 /o./ /2.56 39 06 /66 206 l2oo So ITS' 2o5 /32, 44 8B.5 5
3/£h >' 6 756. ft 29 ii, /0.2 40.0 '4/.'4 12..
5
4^.3 /2.3 548 I.0&5 .340 6.56 /4.6 .083a .0745 2.0 ie..S6 3/Ofc /32. /6d l2oo 3o \75 206 134 4r 88 4.5
5/£f^ y<r 7 rsk.b 29.8 -9,8 20.0 ^9.2 -o.z ^9.fc 1.77 5'4Z 0.34A .O20 9.65 7:6 .0267 .0785 -8-8 //.02 476 79 l2oo 3^ 174- 306 /24 4-9 &5 4-
4/.' th 8 758.3 29 & ^.O.d. Sr>.0 ^2.0 22.4 52.2 /5'.4- 538 /.338 .327 fc.44 /9.0 .IZOS .o%\ /0.2 /2.75 39.40 /6 7 3 2075 ;20G 30 175 ZoS (26 43 7^. 5
g
4-/3 ->f 9 7S83 29.5 ,0.2 40.0 A 1.4 //.ft 4-/. 6 //•7 5i57 /.040 .24fe 7.02 /6./ .o()i7 .ofSSZ. /,45 12.7^ 30.66 /30.4 /66.2 /200 3o \75 2ofc, (25 45- 6',' 4.5
4/4 ^ /o 760.G 29 9 27 S 574 59.6 50./ 60.0 /8.7 541 I.S74- .369 6.1& 2025 .1385 .0680 /6.5 12.7.V 45 7/ /942 240.0 ;2oo 50 \7'S 2ofc 125 44- 81 5. C
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4/4 -H- /4 7('0-(, 29.^ -/o..-> /9.7 /9i 29.9 /.63 5-3 6> 0.330 .045 9.26 8.4 .029/ .088.3 -a.? /I. 5 49.0 So-o \Zc.c. 30 1 IS 2o5: (26 44 37 4. ;
4-/6 K /5 7Gl.b 30.0 20.00 50 sz.o ^2.40 52.40 /6.00 535 ;.3 70 .529 537 /8.00 .// /e> .o8'f lO./O /2.75- 39.31 l(,7.0o Z07.Z 1 Z.00 30 1 -?•-' 2o5 (Zfe 42 82 S




-H 17 755.8 I'). 75 -9.75 20 /9.^ 29.75' /.7/ 534 0.338 ./55 7 84- 790 .0275 .Ofe'5- -9.30 lo.yo 4^ 5c 77 ^ /20O 30 l7S 2 0'- lZ7 ^7 76 43
4/
J
K- 18 7:525:8 I'^.YB +0.25 30 JO.O /.^s 3/. 00 7 00 533 0.694 .279 6.73 i;.65 .0565 .08'? +0.&0 ZC.'6o 38.40 //8 3 IZOa 30 /7£- Zr.C 1 zo S-o 76.5 -4
Si 4/'S /9 75^9 29.60 -960 20 20.0 0.06 29.66 2.9/ 539 0,438 ,/5S 7.84 9.00 .03 60 .0816 -9.00 11.00 4^,75 78./ iZoo 3a /75 2o5 /27 44 in 4Sfl
•^
o A-Iis A 20 75^.9 29.6 -9.6O 20 20 0.06 2966 2.96 5 3? 0.4<?-/ ./59 7S3 9.00 .03G0 .0616 -g.co 11.00 46. /5 7 8.; ( 2oo 30 /7^ Z.Ofo (27 4^ Bi 4
^h A 21 75-2.9 29.6 10.40 4o 4-0 K.IJ 4/-30 9.75- 547 cx9i9 .426 5.86 I4-.OS- .07i>5 .osis -0.40 12. 7£ tb.^r / 2 2 . So '57 Hoc 30 I7S- 2 0& IZ^ 42 B2- 4.5
^15 A 22 7S2S 29.6 ZO.40 ^"0 50 ZZ.OO 5/- 60 (2.50 540 i.ids- .525 5:39 Ik.iS .0966 .OSiT + 7.90 iz.?fr 37.10 /5-7.S0 /96.7 12 CO 30 17S 2o£r 127 4C 6 3 5"
4-/I5 A 23 75Z3 29^ o.-fo 30 30 >-55 50.95 6.ao 54-0 0.(,&4 .285 6. 73 II. So .os(}0 o8(9 -ft. SO iz./.'y 2<J.7o Sg.oo //8.0 iZe>o 30 I7S 2.06 i3Z 46 53 4
e V22 24 7(cQ(n 30.i - o.^. 30 30 0.75 30.95 6.67 £-44 0.675 .C.9S 8.55 II. ss .052'^ .0779 -8.55 /Z.75 20. 8>? SaS //a.5 I260 30 175- 20fc l3o 4^' 63 4-
s 4/^3 25 76Z.3 30.0 30.0 60 60 31.90 6/.90 /4.fto 5-42 I.4Z2 .i66 6.EO id. 10 .1107 ,07/9 tl7.« (2.7r 48.-><i 204.0 25-3.2 i2oo 3o /7£- 206 \i^ 45 36 6
p.
4/^3 2i^ 76^.5 30 2,0-0 5-0 5-0 Zl.hS 5/.6 5 (2.40 5-4 6 1.855- .260 6.77 /6.1A .c>'')iz .0779 9.7 (2.75 3S.90 ;fc'.5 2oS-.- 1200 3o / 75 2^6 (28 45 '*-/ -5.5
P
4-/a3 27 76^.5 30.0 lO.O 40 40 11-10 4/. 30 9. 60 546 0.952 ,/A9 7.53 13.90 .0725 .0779 o.ft 12,75 3o,»o /27,'" /62.i^ i2.<rwi 3o /7^ 2A6 127 46 87 c
4/24 Zh 75-5 ^ 29. a -9.a 20 Zo 0.10 ^9.9(5 2.a5-| 54 Z &.432 .oiT 9.7/ 9. OS .0338 ,0779 -9./ 12.75- (O.90 46,4 78.5- i2oc 3 /75 2. 06 1 20 49 84 4
^ Huns 1 to 18 had error In AP, and M^^Baufuremants which are corrected In column 6..
^ JH^ S to S !!" "*! under .anecondltloM a. Rune 15 to 18 but with P, ( Manifold Pre.aure ) correctly determined.Kuna zo 23 were uaed only for the Manifold Preaaure (P,) correction curve and b1 correction curre.
OH 4/4«

TAmrTT IndicatorCard DatalADLtiL Fuel -Triptane, Spring-200 Lbs.
1 2. 3 4. 5 e T 6
Q.UN
P3C S3 \a/ f bmcpp DiAG.
Area
Imep
llsi- hq. /m. hq. L&s. Las. PSl- b^. llM. P-SI
2S 20 -^1 !,,> (•-: I -1 c ••<(- /.--• 7-
2-4- 30 ' ' "/ 127^:' :2 r. , '7 ^-r/.3 2 -^-.^ 1 ( 7
r^ 7 40 -f '"•-" /^- 73 7 \- I / 'J'.. ^i • lo! ..




^ cr GO H' i /2T.' -].; ^-. 1 r,^. -7 7 .'

AEiLE
-PTT- Data Used fog. Plotting
^ Curves of FiGUBet) Tt-o 1
2
1 2 J ^ 5 6 T <3 9
Fact
Rum P3 Ric f^a Mac M.e IMCP K
\h' Hq- In> hq. Les/MiM ^•••/min V-^/^R. PSI
ISO-OCTANE
1 3 ^: '• ' . c 0.68S 0.68 5 f/. ( / /9.0 7.73
Z •^o 5 ^ . ^ 1 . ,-<, ' ^ 9 /.£64 75".84 z 07 5.GZ
3 6 " 6. .4 1 ._ 7 / .^, /, 5 7/ 9'f.z6 J49.4 5.0S-
4 6 6^.4 (. 7G5- 1 . S S F 95.48 249.4 4-. 90
5 5 52.0 /. -: fto I.Z5-1 75:^4 ^of .0 5.5-5
6 4n 41 -4 /.o6^ 3-9 .- j^S-Bo /^a.o (o-ZG
7 ^O /9.^ 0. 540 0.44 -, ^6.5^ 79.0 9.3^
i
8 5"© 5Z.O /, 5 3 8 /. a 1 s 73.0S a 7. 5' 6.44
9 40 4 I .4 / . 4 ^> . ';» (0 ^7.60 IGG.Z. 7.07
10 5 7.4 5-9. ^ 1.^74 /.4''^. 86./
6
740.C 6-/6
I 1 SO 5^.-^^ 1. ^s-L / . ^ 7 7 5 80 70^.0 6-46
I ^ 40. c^^ 4 i •": I.C-4 ' 0.9^' .y^^^o / 6 ' . - 7. / 5
1 5 30 3o.r 0.6/4 <: .6^.0 4-0.80 / / fc) - fey ^. 14
/^ /9.9 f9.l 0.350 0.4 3H ZG.40 So.r^ 9.76
DI-ISOBITTYLiiNK
SR-IO
/ 5 50 ^' z. /. 5 70 l.?4^ 74.76 7 07. 7 5. 37
/b 40 4 1.4 / . 70 0.9 a>L 580c:. 163. a. 5. e>6
// ao /9..-;. 0. .^;''> r:..14-' ^6.4n 7 7. 7 7. 84
o. 2 3 Cv G.^^^4 0. rj4 4/.64- M 8. 3 6,78
1
'3 20 ^.o.c 0.45,^, 0.4-3& 2 6.^S 78. 1 7. &4
,;-> C-O Z ^^ G.4->-/ C,44l ZGf4(o 78.
1
U 1 40 4 ; 0.9 -?^j o.O.^V 5h.M / 5 7.
z?. 6c 5C' /• 1 ft 5' / . / ?^ V 71- 10 1967
?3 30 ^r 0. t. 8^=1 o.r.84 4/ -^4 / /8.0
. 4 3r. 30 O.G/^ 0. 6 7 3- 4-0. cro / / A. 5 8.5 3
<:' ' 1 i'
''- Cc- / . 4 .:' / /.4 2 7 PS-.^^ ?^3.7 ^.^o
r(u Sc c r. t.\e^ / . / .- S" 7/-/0 c:! ^. r 6../^
2 ( 4 ^ 4' 0.9 ^7 c .'^/. 'j ' .9z /0?.f7 7.5 f:
t
.
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